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Chapter 1. The Nitrogen Cycle, Historical Perspective, and
Current and Potential Future Concerns

D.R. Keeney® and J.L. Hatfield®

“Department of Agronomy, lowa State University, Ames, IA, USA

PUSDA-ARS-National Soil Tilth Laboratory, Ames, IA, USA

Nitrogen (N) along with carbon and oxygen is the most complex and crucial
of the elements essential for life. Supplementing grain and grass forage crops with
organic and inorganic N fertilizers has long been recognized as a key to improving
crop yields and economic returns. Globally, N fertilizer is largely used for cereal
grain production and accounts for an estimated 40% of the increase in per capita
food production in the past 50 years (Mosier et al., 2001). Smil (2001) estimates
that N fertilizer supplies up to 40% of the world’s dietary protein and dependence
on N from the Haber-Bosch process will increase in the future. Nitrogen com-
pounds also have been recognized for their many potential adverse impacts on the
environment and health (Keeney, 2002).

From 1850 to 1980, biological scientists concentrated on unraveling the bio-
logical and physical-chemical intricacies of N. We now know the paths of its com-
ings and goings, the route it takes as it moves, at rates varying from milliseconds to
centuries, through nature’s compartments (atmosphere, soil, water, and living mat-
ter), and the interactions of N with various elements. We know as well its oxidation/
reduction status under varying environmental conditions. But nature, in its clever
way, has kept science from tracking precisely the actual ledger of this whimsical
element and of predicting the impact of N on the environment when it accumulates
at levels far above that for which stable ecosystems have adapted.

Many ecological problems occur when N is separated from its most com-
mon partner, carbon (Asner et al., 1997; Keeney, 2002; Townsend et al., 2003).
Nitrification, denitrification, nitrous oxide formation, leaching of nitrate, and vola-
tilization of ammonia are fates of the mobile N atom. Environmental effects vary
with the N form. The atmosphere might receive more nitrous oxide than it can
assimilate, resulting in stratospheric ozone destruction, while nitrous oxide and
ammonia are greenhouse gases. Combined N in the atmosphere and precipitation
fertilizes natural ecosystems resulting in lowered biodiversity, stress, and N leak-
age, while acidity from nitric oxide and ammonia oxidation depletes ecosystems of
bases and results in acid lakes and streams and declining health of forests.
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Lakes, coastal waters, and estuaries, overloaded with biologically available N,
produce organic materials in abundance. The N atom gets connected to carbon, but
the unwanted effects of excess growth and subsequent decay create anaerobic con-
ditions. Nitrogen is widely regarded as responsible for the hypoxia (low oxygen)
zone in the Gulf of Mexico that concerns ecologists and conservationists as well
as those financially dependent on fish and shrimp catches. Decaying organic mat-
ter removes oxygen, changing the ecology and productivity of the bottom waters
in a large area of the Gulf. Productive agricultural regions of the Central US are the
major source of the nitrate to the Gulf.

Can the N cycle be managed to minimize the problems N generates? Given the
world’s needs for food — the great ability of annual grains to produce the needed
food (and animal feed) — and the economic returns from N fertilizers, change on the
larger scale will be slow and requires policy changes as well as economic assess-
ments that include externalities. The United Kingdom and Western Europe have
adopted strict manure and fertilizer application regulations with stiff fines for fail-
ing to adhere to the regulations. Other countries, including the United States and
Canada, have relied on education and demonstration programs to lessen environ-
mental effects from excess N fertilizer use. The changing economics of N use and
return from commodity crops may also play a role. lowa and some other states
in the United States have had some modest success at decreasing N fertilizer use
through research and education projects. However, ground and surface water quality
measurements in lowa have shown little long-term change in nitrate concentrations
illustrating again the problems of second guessing the N cycle.

The solutions to the issues on environmental effects of N will involve looking
beyond the edge effects to redesigning agriculture in ways that will tighten up the N
cycle and that will provide for N sinks such as grasslands and wetlands. To do this,
policies will need to be developed that assure the farmer and the public that such
measures will not cost productivity, and that a redesigned agriculture can provide for
future food needs. Turning back is not possible. The road ahead will demand a level
of innovation of agricultural research and development of new agriculture systems.

1. THE NITROGEN CYCLE

AZQOT, the German word for N, was the subject of ancient philosophers. AZOT
is believed to be formed from the ancient scientific alphabets, A (the beginning
of scientific Latin, Greek, and Hebrew) and zet, omega, and tov, the last letters of
these alphabets. The term “saltpeter” came from the association of nitrate salts with
the salt of the earth or the salt of fertility. Potassium nitrate was manufactured for
gunpowder in the 14th century. By the 1650s Johannes Rudolph Glauber spoke of
“nitrum as the ‘soul’ or ‘embryo’ ” of saltpeter. He states, “It is like a wingless bird
that flies day and night without rest; it penetrated between all the elements and car-
ries with it the spirit of life—from nitrum are originated minerals, plants and ani-
mals. (It) never perishes; it only changes its form; it enters the bodies of animals



